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ARMATURE AND ARMATURE DRIVING DEVICE 

♦ 

INCORPORAT ION BY REFERENCE 
[0001] The disclosure of Japanese Patent Application No. 2002-079266 
filed on March 20, 2002, including the specification, drawings and abstract is 
incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The invention relates to an armature used in an electromagnetic 
valve or the like, and an armature driving device. 
2 Description of the Related Art 

[0003] In the past, a metering valve has been provided in a fuel supply 
systems for an internal combustion engine, for example, to regulatfc the fuel quantity 
sent to the internal combustion engine. This metering valve includes a valve body 
provided in a fuel passage through which fuel flows, and an actuator that changes the 
fuel flow area of the passage by displacing the valve body. 

[0004] For this type of actuator, it is conceivable to use an actuator such as 
that proposed in Japanese Patent Laid-Open Publication No. 10-246169, for example, 
i.e., an actuator that moves an armature, which is of magnetic material and which is 
coupled to a valve body so that it can move together with the valve body, in a 
reciprocating manner by electromagnetic force. A metering valve to which such an 
actuator has been applied will be described with reference to FIGS. 12 to 14. 

[0005] FIG. 12 is an expanded cross-sectional view showing a part of the 
actuator in the metering valve. As shown in the figure, an actuator 91 is provided 
with a cylindrical armature 93 in a housing 92 of the actuator 91, and an 
electromagnetic solenoid 94 for imparting an electromagnetic force on the armature 
93. The armature 93 is coupled to a shaft 95 that passes through the housing 92 and 
into a fuel passage 96. The armature 93 is also coupled to a valve body, not shown, in 
the fuel passage 96 via this shaft 95. 

[0006] The armature 93, the shaft 95, and the valve body are all positioned 
on the same axis, and are energized in the direction in which the shaft 95 enters the 
housing 92 by a spring, not shown, provided on the fuel passage 96 side. Further, the 
armature 93 is slid in the direction that the shaft 95 protrudes from the housing 92 



against the spring force of the spring by electromagnetic force generated when the 
electromagnetic solenoid 94 is energized. As the armature 93 slides, it displaces the 
valve body in the fuel passage 96 such that the fuel flow area in the fuel passage 96 
changes. When the electromagnetic solenoid 94 is de-energized, the spring force of 

5 the spring keeps the valve body in a position in which the fuel flow area in the fuel 
passage 96 is greatest (i.e., in a fully open position). 

[0007] Also, the fuel in the fuel passage 96 is sent, through a portion 
through which the shaft 95 passes, into the housing 92 to provide lubrication. 
Therefore, the housing 92 fills up with fuel which lubricates a small gap 8 between 

10 the armature 93 and the housing 92 when the armature 93 slides. When the spaces on 
both sides in the axial direction of the armature 93 inside the housing 92 are filled 
with fluid, however, that fluid impedes the sliding of the armature 93 in the axial 
direction. 

[0008] To prevent this, a communicating hole 99 extending parallel with 
15 the shaft 95 is formed in the armature 93 to provide communication between the two 
fluid chambers 97 and 98. This communicating hole 99 enables fuel to pass between 
the two fluid chambers 97 and 98 as the armature 93 slides, thereby minimizing the 
chance of the fuel in the fluid chambers 97 and 98 impeding the movement of the 
armature 93 in the axial direction. FIG. 13 is a cross-sectional view of the armature 
20 93 in the radial direction, and FIG. 14 is a cross-sectional view of the armature 93 
shown in FIG. 14 as viewed from the direction of arrow A-A. 

[0009] Forming the communicating hole 99 in the armature 93 as 
described above makes it possible to minimize the resistance from the fluid inside the 
fluid chambers 97 and 98 that is generated when the armature 93 slides in the axial 
25 direction. 

[0010] However, in the aforementioned publication, no consideration is 
given to rotating the armature 93 around its axis. Therefore, it is implausible that the 
armature 93 would rotate around its axis on its own. Accordingly, the same portions 
of the armature 93 and the housing 92 would always slide against one another when 
30 the armature 93 slides in the axial direction. 

[0011] In many cases, the sliding surface of the armature 93 in the housing 
92 is coated with a coating to reduce friction during sliding. However, when the same 
portions of the armature 93 and the housing 92 always slide against one another, the 
coating on those portions may peel off. 
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[0012] If this happens, the coating material that has peeled off may wear 
down the sliding surface of the housing 92 in the armature 93 at, for example, the 
hatched portion C in FIG. 1 2 when the armature 93 slides in the axial direction while 
that peeled-off coating material is between the armature 93 and the housing 92. 

5 . 

SUMMARY r >F TMF TNVRNTION 
[0013] In view of the foregoing problems, it is an object of this invention 
to provide an armature and an armature driving device that rotates the armature 
around its axis so as to be able to inhibit uneven wear from occurring between the 
10 armature and a housing. 

[0014] According to a first aspect of the invention, an armature which is 
slidably provided within a housing filled with a fluid and which divides an inside of 
the housing into two fluid chambers, is provided with a communicating hole enabling 
the fluid to pass between the two fluid chambers. This communicating hole is formed 
15 such that the fluid passing through the communicating hole and out from the armature 
when the armature slides flows out at an angle to, and to the side of, a center axis of 
the armature. 

[0015] According to this aspect of the invention, the flow of fluid passing 
through the communicating hole and out from the armature when it slides generates a 

20 force that acts on the armature in a direction of rotation around its axis. This force in 
the direction of rotation acts on the armature so that it rotates around the center axis. 
Accordingly, uneven wear between the armature and the housing due to the same 
portion of the armature always sliding against the same portion of the housing when 
the armature is driven, is able to be minimized. 

25 [0016] Further, at least one end portion of the communicating hole may be 

a portion that extends at an angle to, and to the side of, the center axis of the armature. 
Therefore, when the fluid passes through the one end portion of the communicating 
hole and flows out of the armature when the armature is slid, that fluid properly flows 
out at an angle to, and to the side of, the center axis of the armature so as to impart the 

30 proper force on the armature in the direction of rotation around its axis. 

[0017] Moreover, the one end portion of the communicating hole may 
open to the fluid chamber on the one end portion side. With this construction, the 
fluid passes smoothly through the one end portion of the communicating hole and 
flows out from the armature when the armature is slid, thereby increasing the force of 



the fuel passing through the communicating hole. As a result, the fluid flowing out 
from the armature increases the force in the direction of rotation acting on the 
armature. 

[0018] Still further, a portion of the communicating hole on the side of the 

5 other end portion, with respect to the one end portion, may extend parallel to the 

center axis of the armature and open to a fluid chamber on the other end portion side. 
With this construction, when the armature is slid in the axial direction, the fluid flows 
smoothly into the portion of the communicating hole extending parallel to the center 
axis of the armature, and flows out from the armature through the end portion of the 

10 communicating hole. Because the force of the fluid passing through the 
communicating hole increases due to the fluid smoothly flowing into the 
communicating hole, the outflow of the fluid from the armature increases the force in 
the direction of rotation acting on the armature. 

[0019] Also, the communicating hole may be formed such that the center 

15 of the armature is positioned on the center axis of the armature. With this 

construction, the outflow of the fluid passing through the communicating hole 
smoothly rotates the armature around its axis, and the armature is able to be rotated 
with very little force. 

[0020] Also, the communicating hole may be formed in a plurality, and 

20 having the same shape, at equidistant intervals around the center axis of the armature. 
This enables the center of the armature to be easily positioned on its center axis, and 
the armature is easily able to be rotated on its axis from the outflow of fluid from the 
plurality of communicating holes in the armature when the armature is slid. 

[0021] In addition, at least one end portion of the communicating hole 

25 may be formed bent and extending at a right angle to, and to the side of, the center 
axis of the armature, and this one end portion may open to the fluid chamber on the 
one end portion side. 

[0022] According to a second aspect of this invention, a driving device for 
an armature that is slidably provided within a housing filled with a fluid and that 

30 divides an inside of the housing into two fluid chambers in the housing, which slides 
the armature by electromagnetic force generated by energizing an electromagnetic 
solenoid, is provided with a communicating hole in the armature that enables the fluid 
to pass between the two fluid chambers, and a control portion that changes an amount 
of current supplied to the electromagnetic solenoid. The communicating hole is 



formed such that the fluid passing through the communicating hole and out from the 
armature when the armature slides flows out at an angle to, and to the side of, a center 
axis of the armature. The control portion changes the amount of current supplied to 
the electromagnetic solenoid at a first predetermined timing and imparts a force to the 
5 armature which is based on the outflow of the fluid, and which is able to rotate the 
armature in the direction of rotation around its center axis. 

[0023] According to this aspect of the invention, when the armature is slid, 
the fluid passing through the communicating hole flows out from the armature such 
that a force acts on the armature in the direction of rotation around its axis. With this 

10 construction, when the armature starts to be driven or when the armature stops being 
driven it is slid such that the force in the direction of rotation becomes a value 
enabling the armature to rotate around its axis such that it rotates around its axis. 
Accordingly, uneven wear between the armature and the housing due to the same 
portion of the armature always sliding against the same portion of the housing is able 

15 to be minimized. 

[0024] Also, the first predetermined timing may be when the armature 
starts to be driven. Further, the first predetermined timing may be when the armature 
stops being driven. Still further, the change in the amount of current supplied to the 
electromagnetic solenoid at the first predetermined timing may be larger than a 

20 difference between an upper limit value and a lower limit value of a control range of 
the amount of current between the time when the armature starts to be driven and the 
time when the armature stops being driven. 

[0025] Accordingly, if the armature rotates around its axis when it is being 
driven, i.e., when the armature is being moved (i.e., slid) in the axial direction 

25 between the time when the armature starts to be driven and the time when the 

armature stops being driven, the armature would rotate as it moved. As a result, there 
is a possibility that friction from the rotation would have an adverse effect on the 
control of movement of the armature in the axial direction. According to this 
construction, however, the change in the current to the electromagnetic solenoid 

30 between the time the armature starts to be driven and the time the armature stops 

being driven is less than the change in the current at the time the armature starts to be 
driven and stops being driven. It is therefore possible to rotate the armature only 
when changing the current when the armature starts to be driven and stops being 
driven, and keep the armature from rotating when there is a change in the current 



between the time when the armature starts to be driven and the time when the 
armature stops being driven, thereby inhibiting the aforementioned problem from 
occurring. 

[0026] Further, me armature may have a metering valve provided in a fuel 
5 supply system of an internal combustion engine. Moreover, the control portion may 
control the amount of current supplied to the electromagnetic solenoid within the 
control range when the internal combustion engine is running, and make the change in 
the amount of current supplied to the electromagnetic solenoid larger than the 
difference between the upper limit value and the lower limit value of the control range 
10 at a second predetermined timing. In addition, the second predetermined timing may 
be at the beginning of startup of the internal combustion engine when an ignition 
switch is turned on. Still further, the second predetermined timing may be at the 
beginning of shutdown of the internal combustion engine when an ignition switch is 
turned off. 

15 [0027] Accordingly, if the armature is rotated around its axis when the 

engine is running and the armature of the metering valve for metering the fuel 
quantity is moved (i.e., slid) in the axial direction, the armature would rotate as it 
moved. As a result, there is a possibility that friction from the rotation would have an 
adverse effect on the control of movement of the armature in the axial direction. 

20 According to the foregoing construction, however, it is possible to rotate the armature 
around its axis only when the fuel flow quantity is not being metered by the metering 
valve as the armature slides, such as at the beginning of engine startup or at the 
beginning of engine shutdown, so that the aforementioned problem does not occur. 

25 BRTFF DESCRIPTION OF THF. DRAWINGS 

[0028] FIG. 1 is a schematic view showing a fuel supply system of a diesel 

engine provided with a metering valve to which the invention is applied; 

[0029] FIG. 2 is a cross-sectional view showing the internal structure of 

the metering valve; 

30 [0030] FIG. 3 is a front view showing an armature used in the metering 

valve shown in FIG. 2; 

[0031] FIG. 4 is an explanatory view illustrating the force that works on 
the armature when fuel passes through a communicating hole formed in the armature; 



[0032] FIG. 5 is a time chart illustrating how the current to an 
electromagnetic solenoid in the metering valve changes when a diesel engine is 
shutdown; 

[0033] FIG: 6 is a cross-sectional view of a portion of the actuator in the 
5 metering valve, showing an example in which the communicating hole has another 
shape; 

[0034] FIG. 7 is a time chart illustrating how the current to the 
electromagnetic solenoid in the metering valve changes when the diesel engine is 
shutdown; 

10 [0035] FIG. 8 is a time chart illustrating how the current to the 

electromagnetic solenoid in the metering valve changes when the diesel engine is 
started up; 

[0036] FIG. 9 is a time chart illustrating how the current to the 
electromagnetic solenoid in the metering valve changes when the diesel engine is 
15 started up; 

[0037] FIG. 10 is a cross-sectional view of a portion of the actuator in the 
metering valve, showing an example in which the communicating hole has another 
shape; 

[0038] FIG. 1 1 is an explanatory view illustrating the force that works on 
20 the armature when fuel passes through the communicating hole; 

[0039] FIG. 12 is a cross-sectional view showing, as an example of related 
art, a portion of an actuator in a metering valve; 

[0040] FIG. 13 is a cross-sectional view of an armature used in the 
actuator shown in FIG. 12; and 
25 [0041] FIG. 14 is a cross-sectional view of the armature shown in FIG. 13 

as viewed from the direction of arrow A- A. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0042] Hereinafter, one exemplary embodiment of the invention that has 
30 been applied to a metering valve for regulating a fuel flow quantity which is provided 

in a fuel supply system of a diesel engine mounted in a vehicle will be described with 

reference to FIGS. 1 to 5. 

[0043] FIG. 1 is a view schematically showing a fuel supply system of a 

diesel engine 1. In this fuel supply system, fuel from a fuel tank 2 is drawn into a 
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supply pump 3 where it is pressurized and sent to a common rail 4 as high pressure 
fuel. The high pressure fuel in the common rail 4 is supplied to a fuel injection valve 
5 of the diesel engine 1, and injected into a combustion chamber of the diesel engine 1 
by driving the fuel injection valve 5. In this diesel engine 1 , the amount of fuel 
5 discharged from the supply pump 3 is adjusted so as to achieve a predetermined 

pressure within the common rail 4. The idle speed and engine output are adjusted by 
changing the fuel quantity injected by the fuel injection valve 5. 

[0044] The supply pump 3 is provided with a feed pump 6 that draws in 
fuel from the fuel tank 2, a plunger pump 7 that pressurizes the fuel drawn by the feed 
10 pump 6, and a metering valve 9 that meters the fuel flow quantity in a fuel passage 8 
through which the fuel is sent from the feed pump 6 to a plunger pump 7. 

[0045] The metering valve 9 is controlled by an electronic control unit 
(hereafter referred to as "ECU") 10 mounted in the vehicle so as to meter the fuel 
flow quantity in the fuel passage 8 to achieve a predetermined pressure within the 
15 common rail 4. This ECU 10 receives signals from an ignition switch 1 1 operated by 
a driver when beginning startup and shutdown of the diesel engine 1. 

[0046] Here, the internal construction of the metering valve 9 will be 
described in detail with reference to FIG. 2. As shown in the figure, the metering 
valve 9 includes a valve body 12 provided in the fuel passage 8 and an actuator 13 
20 which displaces the valve body 1 2 to change the fuel flow area in the fuel passage 8. 

[0047] A cylindrical armature 15 of magnetic material is provided slidable 
in an axial direction (in the left-right direction in the figure) thereof, in a housing 14 
of the actuator 13. The armature 15 is coupled with a shaft 16 that extends along the 
same axis as the center axis L of the armature 15 and abuts against the valve body 12. 
25 The armature 15, the shaft 16, and the valve body 1 2 are energized in the direction 
which moves the shaft 16 deep within the housing 14 by a spring 21 provided on the 
fuel passage 8 side. 

[0048] Further, an electromagnetic solenoid 17 is also provided in the 
housing 14. This electromagnetic solenoid 17 generates an electromagnetic force that 
30 acts on the armature 15 and moves it against the spring force of the spring 21 . The 
electromagnetic force that acts on the armature 15 is adjusted by controlling an 
amount of a current to the electromagnetic solenoid 17 with the ECU 10. The 
electromagnetic force pushes the armature 15 in a direction so that the shaft 16 moves 
from deep within the housing 14 toward the fuel passage 8 side. 



[0049] Therefore, the armature 15 is slid (i.e., displaced) in the axial 
direction thereof by the spring force from the spring 21 and the electromagnetic force 
generated by the electromagnetic solenoid 17. This sliding of the armature 15 
displaces the valve body 12 within the fuel passaged, thereby changing the fuel flow 
5 area in the fuel passage 8. 

[0050] Fuel enters the housing 14 from the fuel passage 8 through a hole 
22 farmed in the valve body 12. This fuel provides lubrication between the housing 
14 and the armature 15 when the armature 15 slides in the axial direction. Because 
the fuel enters the housing 14, fluid chambers 18 and 19 are created in the housing 14 

10 which fill with fuel on both sides of the armature 15 in the direction in which it slides. 
These fluid chambers 18 and 19 are separated from one another by the armature 15. 

[0051] When the fluid chambers 18 mid 19 are filled with fuel, the fuel 
within the fluid chambers 18 and 19 may inhibit the armature 15 from sliding. That 
is, even if there is electromagnetic force acting on the armature 15, the armature 15 is 

15 not able to slide in the axial direction unless the fuel flows from the fluid chamber 
with the smaller capacity to the other fluid chamber. Therefore, a communicating 
hole 20 is formed in the armature 15 to enable the fuel to flow back and forth between 
the fluid chambers 18 and 19. Accordingly, the fuel is able to flow between the fluid 
chambers 18 and 19 through the communicating hole 20, thereby inhibiting the 

20 occurrence of the aforementioned problem. 

[0052] Next, the communicating hole 20 of the armature 15 will be 
described in detail with reference to FIG. 3 as well as FIG. 2. Two of the 
communicating holes 20 having the same shape are provided at equidistant intervals 
around the center axis L of the armature 15. Accordingly, the center of the armature 

25 15 is on the center axis L, thus enabling the armature 15 to rotate smoothly around the 
center axis L. Further, each of the communicating hole 20 includes a parallel portion 
20a that extends parallel to the center axis L and which opens to the fluid chamber 19 
side, and an angled portion 20b that is located closer to the end portion of the 
armature 15 than the parallel portion 20a on the fluid chamber 18 side. The angled 

30 portion 20b is inclined at a predetermined angle (e.g., 45°) with respect to the parallel 
portion 20a, and opens to the fluid chamber 18 side at an angle to, and to the side of, 
the center axis L. 

[0053] Therefore, when the current to the electromagnetic solenoid 17 is 
controlled to slide the armature 15 to the fluid chamber 19 side, fuel from inside the 
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fluid chamber 19 flows into the parallel portion 20a of the communicating hole 20. 
This fuel then passes through the angled portion 20b and flows out from 'the armature 
1 5 on the fluid chamber 1 8 side. The fuel then flows out at an angle to, and to the 
side of, the center axis L of the armature 15, as shown by the arrows in FIG. 3. When 
5 the fuel flows out from the armature 15, a reaction force F which works in the 

direction opposite the direction in which the fuel flows (the direction of fuel flow is 
indicated by the large arrow in FIG. 4) acts on the inside wall of the communicating 
hole 20 (i.e., on the parallel portion 20a). 

[0054] When this reaction force F is divided into a radial component Fr 

10 (i.e., the component of the reaction force F acting in the radial direction of the 

armature 15) and an axial component Fs (i.e., the component of the reaction force F 
acting in the axial direction of the armature 15), the radial component Fr acts in the 
radial direction at a location away from the center axis L. As a result, the radial 
component Fr acts on the armature 15 as a force in the direction of rotation around the 

15 center axis L. This force in the direction of rotation acts on the armature 15 so that it 
rotates around the center axis L. Accordingly, uneven wear between the armature 15 
and the housing 14 due to the same portion of the armature 15 always sliding against 
the same portion of the housing 14 when the armature 15 is driven, is able to be 
minimized. 

20 [0055] Next, forced rotation control that rotates the armature 15 around 

the center axis L by sliding it in the axial direction will be described with reference to 
the time chart in FIG. 5. This forced rotation control is executed by controlling the 
current to the electromagnetic solenoid 17 using the ECU 10. 

[0056] When the diesel engine 1 is running, the armature 15 is slid in the 

25 axial direction by controlling the current to the electromagnetic solenoid 17 so as to 
obtain a fuel flow quantity in the fuel passage 8 that achieves the predetermined 
pressure within the common rail 4. When the fuel flow quantity is metered in this 
way, the current to the electromagnetic solenoid 17 is changed within a predetermined 
range A so that the armature 15 slides to the fluid chamber 19 side an amount, and at 

30 a speed, which does not make it rotate around the center axis L. That is, as long as the 
current is changed within the predetermined range A, the predetermined range A is set 
such that the radial component Fr of the reaction force F when the fuel is flowing out 
from the angled portion 20b of the communicating hole 20 on the fluid chamber 18 
side does not reach a value that rotates the armature 15. 
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[0057] Then, when the ignition switch 1 1 is turned off by the driver in 
order to shutdown the diesel engine 1 when it is running, the forced rotation control 
that rotates the armature 15 around the center axis L is executed. It should be noted 
that even after the ignition switch 1 1 has been turned off, current may be supplied to 
5 the electromagnetic solenoid 17 until a predetermined period of time T has passed. 
During this period of time, the forced rotation control may be executed. 

[0058] With the forced rotation control, the current to the electromagnetic 
solenoid 17 is first increased by the ECU 10 so as to temporarily exceed the upper 
limit value of the predetermined range A to slide the armature 15 to the fluid chamber 
10 18 side. The current is then reduced below the lower limit value of the predetermined 
range A to obtain an amount of change B to slide the armature 15 to the fluid chamber 
19 side. This sliding of the armature 15 allows fuel flowing through the 
communicating hole 20 to flow from the angled portion 20b to outside the armature 
15. 

15 [0059] By reducing the amount of change B in the current, the arinature 15 

is slid to the fluid chamber 19 side an amount, and at a speed, such that the armature 
15 can rotate around the center axis L by the outflow of fuel passing through the 
communicating hole 20 from the armature 15. That is, the armature 15 rotates to the 
fluid chamber 19 side an amount, and at a speed, such that the radial component Fr of 

20 the reaction force F acting on the armature 15 when the fuel flows out of the armature 
15 becomes equal to, or greater than, a value that rotates the armature 15. With the 
forced rotation control, when the initial amount of current is increased to temporarily 
exceed the predetermined range A, the armature 15 is slid to the fluid chamber 18 side 
so that it can slide back to the fluid chamber 19 side when the current is reduced by 

25 the amount of change B. 

[0060] Executing this forced rotation control rotates the armature 15 
around the center axis L and inhibits the armature 15 and housing 14 from sliding 
against one another always at the same portion, thereby minimizing uneven wear on 
the housing 14 and particularly on the armature 15. 

30 [0061] The exemplary embodiment as described in detail above enables 

the following effects to be obtained. (1) When the armature 15 slides to the fluid 
chamber 19 side, fuel within the fluid chamber 19 flows into the parallel portion 20a 
of the communicating hole 20 and then out of the armature 15 from the angled portion 
20b of the communicating hole 20. Because the angled portion 20b is formed at an 
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angle to, and to the side of, the center axis L of the armature 15, the fuel that flows out 
from the angled portion 20b flows out at an angle to, and to the side of, the center axis 
L. Therefore, when the fuel flows out from the angled portion 20b, a force in the 
direction of rotation around the axis of the armature 15 works precisely on the 
5 armature 15. The action of this force in the direction of rotation causes the armature 
1 5 to rotate around the center axis L, which inhibits the armature 15 and housing 14 
from always sliding against one another at the same portions, such that uneven wear 
on the housing 14 and the armature 15 is minimized. Moreover, as uneven wear 
progresses, it may cause the armature 15 to hang up or the like when the armature 15 

10 slides in the axial direction while the engine is running. This, in turn, makes it 

difficult to appropriately control the position of the armature 15, which may result in 
inappropriate metering of the fuel flow quantity in the fuel passage 8. The action of 
the force in the direction of rotation which causes the armature 15 to rotate around the 
center axis L enables this inappropriate metering to be minimized. It should be noted 

15 that when controlling the idle speed of the diesel engine by adjusting the fuel injection 
quantity, for example, and the metering of the fuel flow quantity in the fuel passage 8 
is inappropriate, the idle speed may not be controlled appropriately and it may begin 
hunting. The occurrence of this problem is also able to be minimized. 

[0062] (2) The angled portion 20b, through which the fuel that passes 

20 through the communicating hole 20 flows out of the armature 15 when the armature 
15 slides to the fluid chamber 19 side, opens to the fluid chamber 18 side. 
Accordingly, the fuel flows smoothly out of the armature 15 from the communicating 
hole 20 so the force of the fuel passing through the communicating hole 20 increases. 
As a result, the fuel flowing out from the armature 15 (i.e., flowing out from the 

25 angled portion 20b) increases the force in the direction of rotation that acts on the 
armature 15. 

[0063] (3) When the armature 15 slides to the fluid chamber 19 side, the 
parallel portion 20a of the communicating hole 20 in through which the fuel from the 
fluid chamber 19 initially flows is parallel to the center axis L of the armature 15, i.e., 
30 is parallel to the direction in which the armature 15 slides. Accordingly, the fuel in 
the fluid chamber 19 flows smoothly into the communicating hole 20, passes through 
the angled portion 20b, and flows out of the armature 15. Because the fuel flows 
smoothly into the communicating hole 20, the force of the fuel passing therethrough 
increases. As a result, the fuel flowing out from the armature 15 (i.e., flowing out 
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from the angled portion 20b) increases the force in the direction of rotation that acts 
on the armature 15. 

[0064] (4) Because a plurality of the communicating holes 20 are formed 
haying the same shape and at equidistant intervals around the center axis L of the 
5 armature 1 5, the center of the armature 1 5 is able to be positioned on the center axis L 
thereof. Accordingly, it is easy to rotate the armature 15 around the center axis L, and 
the armature 15 is able to be rotated with very little force from the outflow of fuel 
from the angled portion 20b. Furthermore, because the fuel flows out from the angled 
portion 20b in a plurality of locations to apply force in the direction of rotation on the 
10 armature 15, the force in that direction increases, making it is easier to rotate the 
armature 15. 

[0065] (5) When the diesel engine 1 is running, and the armature 15 is 
slid in the axial direction to meter the fuel flow quantity in the fuel passage 8 with the 
metering valve 9, the current to the electromagnetic solenoid 17 is controlled within 

15 the predetermined range A such that the armature 15 is slid an amount, and at a speed, 
where it does not rotate around the center axis L. On the other hand, when the 
ignition switch 1 1 is turned off to begin shutdown of the diesel engine 1 , the forced 
rotation control is executed to rotate the armature 15 around the center axis L by 
sliding it to the fluid chamber 19 side. In this forced rotation control, the current to 

20 the electromagnetic solenoid 17 is reduced by only the amount of change B that is 

greater than the difference between the upper limit value and the lower limit value of 
the predetermined range A. As a result, it is possible to accurately rotate the armature 
15 around the center axis L by sliding the armature 15 to the fluid chamber 19 side 
according to that reduction in current to the electromagnetic solenoid 17. 

25 Accordingly, the armature 15 is only able to be forcibly rotated around the center axis 
L when the ignition switch 1 1 is turned off by the driver. If the armature 15 is rotated 
around the center axis L when the engine is running and the fuel flow quantity is 
metered by the metering valve 9, the armature would rotate as it is moved. As a 
result, there is a possibility that friction from the rotation would have an adverse 

30 effect on the control of movement of the armature 15 in the axial direction. This 

adverse effect is able to be avoided, however, by limiting the execution of the forced 
rotation control only to the start of engine shutdown, at which time the metering valve 
9 does not meter the fuel flow quantity. 
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[0066] This exemplary embodiment may be modified as follows, for 
example. As shown in FIG. 6, the parallel portion 20a of the communicating hole 20 
may open to the fluid chamber 1 8 side and the angled portion 20b, rather than the 
parallel portion 20a, of the communicating hole 20 may be on the fluid chamber 19 
5 side. In this case, as opposed to the foregoing exemplary embodiment, when the 

armature 15 slides to the fluid chamber 18 side, the fuel inside the fluid chamber 18 
flows into the parallel portion 20a and flows out of the angled portion 20b. 
Accordingly, with the forced rotation control, as shown in FIG. 7, when the ignition 
switch 1 1 is turned off, the current to the electromagnetic solenoid 17 is first 

10 temporarily decreased below the lower limit value of the predetermined range A such 
that the armature 15 slides to the fluid chamber 19 side. Then, the current is increased 
beyond the upper limit value of the predetermined range A to obtain the amount of 
change B such that the armature 15 slides to the fluid chamber 18 side. When the 
armature 15 is slid, the fuel passing through the communicating hole 20 flows out of 

15 the armature 15 from the angled portion 20b and rotates the armature 15 around the 
center axis L. 

[0067] Further, instead of executing the forced rotation control when the 
ignition switch 1 1 is turned off to begin engine shutdown (i.e., when the armature 15 
stops being driven), it may be executed when the ignition switch 1 1 is turned on to 

20 begin engine startup (i.e., when the armature 15 starts to be driven). In this case, 
because the forced rotation control is only executed when engine startup begins, at 
which time the metering valve 9 does not meter the fuel flow quantity, it is possible to 
avoid an adverse effect such as that indicated in (4) above. The procedure when the 
forced rotation control is executed will be described in detail below. 

25 [0068] When the communicating hole 20 of the armature 15 is formed as 

shown in FIG. 2 and the ignition switch 1 1 is turned on, the current to the 
electromagnetic solenoid 17 is increased to temporarily exceed the upper limit value 
of the predetermined range A, and then decreased below the lower limit value of the 
predetermined range A to obtain the amount of change B, for example, as shown in 

30 FIG. 8. When the armature 15 slides to the fluid chamber 19 side due to this increase 
and decrease in this current, the armature 15 rotates around the center axis L. 

[0069] Also, when the communicating hole 20 of the armature 15 is 
formed as shown in FIG. 6 and the ignition switch 1 1 is turned on, the current to the 
electromagnetic solenoid 17 increases from "0" by an amount of change equal to, or 
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greater than, the amount of change B, as shown in FIG. 9, so as to exceed the upper 
limit value of the predetermined range A. When the armature 15 slides to the fluid 
chamber 18 side due to this increase in the current, the armature 15 rotates around the 
center axis L. 

5 [0070] After the forced rotation control is executed in this manner, the 

current value is changed within the predetermined range A according to the fuel flow 
quantity required in the fuel passage 8. The forced rotation control may be executed 
both when the ignition switch 1 1 is turned on and when the ignition switch 11 is 
turned off. 

10 [0071] The shape of the communicating hole 20 may be modified 

appropriately as long as the fuel in the communicating hole 20 which flows out from 
the angled portion 20b when the armature 15 is slid to the fluid chamber 19 side flows 
out at an angle, and to the side of, the center axis L of the armature 15. For example, 
as shown in FIG. 10, an end portion 23 on the fluid chamber 18 side of the 

15 communicating hole 20 may be bent 90 degrees with respect to the center axis L near 
the end face of the armature 15, and that end portion 23 may form an open portion 23a 
that opens at the end face of the armature 15. In this case as well, the fuel flowing 
from the open portion 23a to the fluid chamber 18 flows out at an angle with respect 
to the center axis L of the armature 15. When the fuel flows out, the reaction force F 

20 that acts in the direction opposite the direction in which the fuel flows (the direction 
in which the fuel flows is shown by the large arrow in FIG. 1 1) acts on the inside wall 
of the end portion 23 of the communicating hole 20. The radial component Fr of this 
reaction force F works on the armature 15 as a force in the direction of rotation 
around the center axis L, such that the armature 15 rotates around the center axis L. 

25 [0072] Furthermore, the number of communicating hole 20 may be 

changed appropriately. Each of the communicating hole 20 need not have the same 
shape, nor must the communicating holes 20 be formed at equidistant intervals around 
the center axis L. In this case, it is preferable that the shape and position of each of 
the communicating holes 20 be such that the center of the armature 15 is positioned 

30 on the center axis L. 

[0073] In the foregoing exemplary embodiment, this invention is applied 
to a metering valve 9 provided in a fuel supply system of a diesel engine 1 . 
Alternatively, however, the invention may be applied to a metering valve provided in 
a fuel supply system on a gasoline engine. 
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[0074] Further, the invention may be applied to an electromagnetic value 
other than the metering valve 9. Also, the invention may be applied id a valve other 
than an electromagnetic valve as long as an actuator is provided that moves the 
armature using electromagnetic force. 



